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The successfulcompletionofan extendeddurationmanned missiontoMars willrequirerenewed
researcheffortintheareasofcrew trainingand skillretentiontechniques.The currentestimate
ofin-flightransitimeisaboutninemonthseachway,withasixmonth surfacevisit,an orderof
magnitudebeyondpreviousU.8.spacemissions.Concernsari_ when consideringthelevelofskill
retentionrequiredforhighlycritical,one-timeoperationsuchasanemergency procedureor a
Mars orbitinjection.
Theobjectivesofthisresearchprojectwere toreviewthefactorsresponsibleforthelevelof
complexskillretention,tosuggestoptimalways ofrefreshingdegradedskills,and tooutlinea
conceptualcrew trainingdesignforaMars mission.
Currentlyproposedcrew activitiesduringaMars missionwere reviewedtoidentifythespectrum
ofskillswhich must beretainedovera longtimeperiod.Skillretentionliteraturewas reviewed,
toidentifythosefactorswhich must be consideredindecidingwhen andwhich tasksneed
retraining.Task,training,and retentionintervalfactorswere identified.Thesefactorswere then
interpretedinlightofthecurrentstateofspaceflightand adaptivetrainingsystems.Finally,the
retentionfactorsformedthebasisforaconceptualdesignofMars missiontrainingrequirements.
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TRAININGFOR LONG DURATION SPACE MISSIONS
It is human nature to forget highly learned information. Over time, psychomotor skiIls that may
have been overlearned degrade into awkward movements at a later time, while ordered sequences
and events rapidly become disordered. The study of human skill retention and degradation has been
ongoing for many decades; useful information exists, but a comprehensive model of skill retention
as a function of independent task and individual factors must still be developed.
This paper considers these skill retention factors in light of a long-duration spaceflight, such as 8
manned mission to Mars. Retention of finely tuned skills and knowledge is absolutely nec_c_ary
for the successful completion of such a mission, yet man-machine system complexities are
becomming more and more complex. These skill retention issues also have implications that go far
beyond manned spaceflight. Industry must train workers, often for long periods of time and with
concomitant losses in productivity. Colleges and universities are also in the business of training
individuals with skills and knowledge for long-term retention. Clearly, accurate long-term
retention of skills and knowledge is important for productivity and safety within the entire
society.
Thispaperisdividedintothreemajor sectionsinitsexaminationof longdurationskillretention
for"manned spaceflight.(I)Currentlyproposedcrew activitiesina manned missiontoMars are
reviewed.Thisinformationgaveaconcretefocustotheskillretentionissuesdescribedhere,and
allowedboundstobe placedupon thedurationand natureoftrainingand retention.(2) Recent
psychologicalndHuman Factorsliterature(withinthepast30 years)on factorsinfluencing
long-termretentionwas reviewed,concentratingon resultsandconclusions,ratherthana
critiqueofmethodology.The purposeofthissectionwas toprovideaframework by which
retentiontactorscouldbestudied,andtosubsequentlyprovidethenace_ary framework fora
futuremodelofskillretentiontimeand quality.(3) A sectionon trainingforspacemissionswas
included.The intentofthissectionwas toprovideafoundationfrom which longerduration
retentiontrainingcouldbuild,andtooutlinetherequiredtrainingelementsforan advanced,long
durationMars mission.While much ofsucha conceptualdesignismerelyan exerciseinfuturist
guesswork,an attemptwas made tologicallybuildon theconceptspresentedinearliersectionsof
thisreport.A descriptionoftheresearchyetneededtodevelopa workingskillretentionmodel
was alsoincluded.Such amodelwouldgreatlyaidtheconceptualdesignofMars andotherlong
durationmissions,aswellasindustrialjobdesign.InformationforSectionsIand 3,where not
otherwisenoted,was obtainedfrom personalcommunicationandexperienceatthe,JohnsonSpace
Center, Houston,Texas. The author wishes to acknowledge deck James, Andy Petro, and ,JohnAired
for their valuable assistance.
I.MARS MI?%SIONACTIVITIES
A currentscenarioforan interplanetarymissiontoMars includeseveraldistinctphases:
I.Earthlift-offtolowEarthorbit(possibleatspacestation)
2.Taxi-transferfrom spacestationtoorbitinginterplanetaryvehicle
3.TransitoMars
4.DockingwithsecondorbitaltransfervehicleatMars
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5.Landon surface
6.Reversesequenceforreturnmission
The time involvedforsucha missionison theorderof5 to9 monthseachway, dependingon
orbits,trajectories,etc.,witha6 month or longersurfacevisit.Usingcurrentand near-term
technology,thetransitimesshouldnotappreciablydifferfrom thisestimate,butthetimespent
on thesurfacecoulddramaticallychangewiththeadditionofapermanentmanned Martianbase.
I.I.CREW ACTIVITIES
Theactivitiestobecarriedoutina Mars missionareasvariedasthoseineverydaylife.They
may be brokendown intofourareas,asshown below.Sourcesofinformationon crew activities
andeventsincludeOberg (1982), OI_ergandOberg(1986), Joels(1985), Connersetel.
(1985), andNationalCommision on Space(1986).
SpacecraftControlandMaintenance.Thesecriticalactivitieswillinsurethatmissionsuccessand
crew safetywillnotbecomprimised.Craw members, armed withautomatedequipmentand
extensivecomputerprograms,must serveasdiagnosticians,continuouslyaskingnew questions
aboutthestatusofequipment.As discussedbyothers,maintenancewillrangefrom simple
modularreplacementofLithiumcannisters,tolarge-scalereconstructionor evacuationofspace
vehicleapparatus.Bothdexterityanddecisionabilitywillbe required.
Scientific Study. Much investigation will continue to be performed in space. Many accounts have
indicated an even broader range of research topics than in previous space missions. Thesewill
include not only physical and hard science topics, but will be expandedto social and behavioral
science issues including space habitability, behavioral interaction, and group power structures.
Crew HealthMaintenance.The healthofthecrewwillincludebothregularphysiologicalnd
psychologicalscreening.Many innovativediagnosticandtreatmentprocedureswillbedeveloped
forlongdurationspacemissions,basedon priorspacestationexperience.Intelligentcomputer
programs,intheformofexpertsystems,willlikelybeextensivelyusedasguidesfordiagnosing
and studyingnew formsofilIneeses.
Recreation.Many havestressedtheimportanceofrecreationinan interplanetarymission(e.g.,
Fraser,1968). Alternativecognitiveandphysicalactivitesduringoff-dutytimewillbe
importanttomaintainingahealthycrow.
1.2. FACTORSIN A LONGDURATIONMISSION
Skilltrainingand retentionrequirementsforaMars missionwillnecessarilydifferfrom that
requiredby allpreviousmissions,asdeterminedby criticalityanddurationofevents.Those
skillsthatquicklydegrademust be refreshedoftenor continuously,whilebetterretainedskills
needonlybe refreshedperiodically.A trainingprogram forthismissionmust considerseveral
factorsthatare uniquetoa manned interplanetaryjourney,aslistedbelow.
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SkillRetentionDuration.The requiredskillretentioninterval,betweentrainingand actual
performance,may be 6 monthsor more. Thisisan orderofmagnitudegreaterthanpreviousU.S.
missions,and presentsmare/unknowns forcomplexskillandproceduresretention.Special
on-boardrefreshertrainingwillberequiredforspme ofthesedegradedskills.
Crew Autonomy.As one-way communicationlagsof I0 to30 minuteswillbeencounterednear
Mars, Earth-basedmissioncontrolwillbeoflittleuse.Instead,ground-controlwillserveasan
independentopinionsourceandcoachforan autonomouscrew. The crew of6 to8 willfunctionas
a team,witheachmember contributingcomplementaryexpertise.Crew trainingthusmust focus
on enhancingthosetraitsthatincreasethisautonomy,and counterthenegativeffectsofgroup
thinking.
Crew Confinement.Theadverseeffectsoflong-termconfinementmust bewellunderstoodbefore
undertakingthismission.Trainingforlong-termconfinementmust beconsidered,and techniques
ofcounteringconfinement,suchasprojectingvideolandscapes,may benecessary.,Stud,/ofanalog
confinementenvironments,suchasprisonor arcticstations,willaidinthisdefinition.,
CriticalityofSkills.,Somerequiredskills,suchasorbitaldocking,willhaveacriticalitybeyond
allotherskills.Many ofthesewillbe performedonlyonceor twiceinamission,aftera long
no-practiceduration.The effectsofrealand perceivedskillcriticalityon performanceand
trainingmust beunderstoodbeforeundertakinga Mars mission.
Automation.Extensiveuseofartificialintelligenceandautomatedsensinganddiagnosing
apparatuswillbeusedforroutinespacecraftcontroland maintenance.The crew willbe
responsibleformonitoringthisequipment,and factorsdeterminingcrew monitoringor vigilance
performancemustbe understood.A usefulhuman-machine allocationmodel must bedeveloped,
and trainingforthiswillbe required.NASA hasalready'takena firststepindefiningthismodel
(von Tiesenhausen,1982).
Workload.The effectsofmentaland physicalworkloadmust bemodeledbeforeinitiatinga long
mission,toallowaconstantperformancelevelwithinan autonomouscrew. The choiceofhow
many crew members toallocatetotasksshouldbedeterminedviaa genericworkloadmodeling
computer program.
Environment.Theadverseeffectsofvibration,noise,radiation,ionconcentrations,and carbon
dioxideare amongthemany environmentalfactorswhose effectswillbefeltovertheentire
mission.The effectsofthesefactorson healthandskillretentionmust beconsideredinthedesign
oftheMars mission.
These important factors must all be considered when designing a training program for a long
duration m ission. While shorter duration mission crews have tolerated and even performed well
under some of thesefactors, their effects will be exacerbated by long-term confinement. ,Sincea
Mars mission is an order of meqnitude beyondcurrent missions in duration end complexity, its
traininq program cannot be evolutionarily developed. Instead, a rethinking of training is
required;a modalspecifyingtrainingneedsby typeofskillanddegradationlevelmust be
developed.The purposeofthispaperistotakean initialsteptowardssucha model,by indicating
thosefactorsthataffectskillretention,and thustrainingrequirements.
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2.8KILL RETENTION
The duration and quality of skill retention should necessarily determine the training requirements
of a long duration space mission. Skills that quickly degrade must often be refreshed, whereas
better retained skills may be neglected for a longer time. Before considering this literature,
several qualifications must be made, however. ( 1) Reports of studies in this area are often not
readily obtainable. This may be due to the fact that much of the training re_arch has been
conducted in the private and military sectors, which have little impetus to publish in widely
distributed publications. Also, much of this research is very task specific, and investigators may
have have felt that their research would have low utility outside their immediate scope. (2) The
major retention factors are covered below as discrete topics, but all are intimately intertwined
and confounded. Differences in the length of a post-training retention interval, for example, are
confounded with the type and duration of initial training. Conclusions drawn here must clearly be
interpreted with a great deal of caution. To gain a better understanding of these factors, however,
they are discussed separately, ignoring conjoint and interactive effects. (3) In some cases,
conclusions were necessarily drawn from very few studies, clearly scientifically inappropriate.
This was pragmatically done to at least provide a direction for future research needs and
developments.
Naylor and Briggs ( ! 961 ) reviewed over 60 years of literature, and created the first
categorization of retention-influencing variables. ( I ) Task variables included the
procedural/tracking task dichotomy introduced below. They raised the important issue that the
difficulty and organization of a task is likely responsible for observed retention differences. (2)
traininq variables included three subclasses of factors: the amount of initial training, distribution
of training sessions, and transfer effects from other tasks. (3) Retention interval variables
included those factors present within this period. (4) Recall variables consisted of other
retention-influencing factors, such as the training fidelity, or the presence of any warmup
activity prior to retention testing. The present review drew heavily on this work, and extended
their factor categories. A subsequent review (Sardlin andSitterley, 1972) covered many skill
retention studies, under contract to NASA. Theseinvestigators provided annotated reviews of many
studies that were directly applicable to the piloting of space vehicles. The present review also
drew on this paper, but was broader in coverage.
Selectedskillretentionstudiescitedbelowaresummarized inTableI,which presentsthe
followinginformation:(I) Investioator(s).(2) Retention:timeintervalbetweenendoftraining
and initialretest,(3) Task.:typeofperformancetask.P:procedural(discrete),T:trackingand
control(continuous),(4) Indp.Yar.:independentor manipulatedvariable(s);D:durationof
training,R:retentioninterval,S:structureoftraining,F:fidelityoftraining,O:organizationof
task,RR: retentioninterpolatedactivityor rehearsal,(5) TaskDescription,(6) Cmplxty:
complexityofthetask(s),subjectivelyestimatedby thenumber andtypeofsimultanous
activitiesthathadtobe performed,(7) Traininq:methodoftraining;durationor criterion,(8)
#Ss_:number ofsubjectstestedacrossentirestudy,(9) _: subjectivesubjectexperienceat
task; all subjects were inexperienced in abstract tracking tasks, whereas some aircraft control
studies utilized experienced pilots; I. inexperienced, E: experienced, (10) Dependent Yar.:
dependent or measured performance variable(s)
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The resultsofthesestudies,referredtothroughouthisreport,aresummari_--_clinFiguresI,2,
and 3. Manipulationsofretentioninterval,trainingduration,andtrainingorganizationare
shown,andeveryattemptwas made tocombinesimilarstudieswithidenticaldependent
parametersintoonefigure.FigureIshows performanceinproceduraltasks,or thoserequiring
cognitivecontrolor sequencingovermany proceduralsteps.Notethatthreetimescales,toallow
sufficientresolution,were usedon theretentiontimeaxes:0-24 months,O-6 months,and O-4
weeks. Dependentvariableshereincludedbotherrorsand timetocompleteprocedures.Figure2
shows performanceinsimpletrackingtasksoverthesame retentionintervalsastheprocedural
tasks.Dependentmeasureshereincludedintegratederror involts,inches,or arbitrarynumbers,
measuringthedeviationbetweena targetandone'sabilitytofollowit.Othermeasur_ included
theacqusitiontimetocaptureatarget,or thepercentageoftotaltimeon atarget.Allofthese
parametersgenerallyrequired_me form ofcontinuousamplingby theexperimentalapparatus.
Figure3 alsoshowscontinuoustracking,butonlyforstudieswhich presentedmuch more complex
flightcontroltasks.Theseexperimentsoftenusedopen- orclased-loopsimulatorsofairplanesor
spacevehicles.Allretentionintervalaxesherewere 0-6 months. Dependentmeasures usually
consistedofa largecollectionofparameters,ofwhich asubsetwas chosen,suchasaltituderror
from a presetflightpath.
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2.1. TASK FACTOR8
Thosefactorsaffectingskillretentionthataredirectpropertiesofataskareconsideredinthis
section.Cleartrendsthatappearinthesefactorsarevaluableinthedesignandevaluationoftask
training,asthosefactorsresponsiblefora largeamountofskilldegradationaregoodcandidates
forpotentialeliminationor control.Presenceofa largenumber ofthesecriticalfactorscan point
totasksrequiringfrequentrefreshertraining.Greetcaremust be usedwhen evaluatingtasks
containingmore thanoneofthesefactors,asinteractingfactorshaverarelybeeninvestigatedina
controlledmanner. Anythingotherthanqualitativecomparisonsacrossstudiesare dangerous,due
tocountlessnumbers ofuncontrolledfactors.Rather,generalizationsshouldbedrawn by first
notingwithin-studyconclusions,thenqualitativelycomparingtheseacrossmany studies.
2.1.1. Type of Task
8inca some of the earliest skill retention research, a distinction has been made between overall
types of tasks. Procedural tasks are those requiring discrete, ordered responses. Some have
labelled these as cognitive tasks, referring to the large amount of non-automatic cognitive
resource required when trying to recall a long sequence of task steps, while others have called
them discrete tasks, for the isolated responses that are required. Examples here include
checklists on aircraft or space vehicles, emergency procedures, and more abstract tasks such as
setting sequences of switches in a proper order. The other class of tasks are thosewhich require
psychomotor skills for successful completion. Some have also labelled these as continuous control
or tracking tasks, becausediscrete responses are not given. Typically, these require an individual
to keep some stimulus on target, or within a specified range of conditions. Common examples here
are driving a car, controlling an airplane or spacevehicle, or simply manually controlling a lever
so that a displayed shape remains between two points on an oscilloscope. Most reel-world tasks
contain an element of both of these. Early research efforts simplified these as much as possible to
obtain a high degree of experimental control. These studies indicated that procedural ski l ls
degrade more quickly than operational or continuous skills. Only those studies which presented
both types of tasks to subjects, measuring relative skill degradation differences, are appropriate
in the present assessment.
In early studies, continuous tasks were simple tracking movements while procedural tasks
consisted of sequence memorization. Ammons et el. (1958) tested over 1000 subjects on either a
17-step procedural task or a model airplane control task, over many retention intervals. Greater
skill loss occurred on the procedural, cognitive task than on the motor control task over retention
intervals of up to two years. Naylor at el. (1962) combined a procedural switch.setting task ( 9
sets of 3 switches) with a three dimensional joystick-controlled tracking task and found similar
skill retention for both tasks. In this instance, however, 8ardlin and 8itterley (1972) noted that
the procedural task was very simple, and greater skill degradation relative to the tracking task
might have otherwise been expected. Using only a tracking task, Trumbo et al. (1965a) broke
down overall performcance into both temporal and spatial accuracy dependant measures. The
former measured anticipations and lag time, whereas the latter measured absolute positioning
accuracy. Interestingly, the temporal skill performance was lost more quickly than the spatial
performance over the one week to five month retention intervals. The better subjects may have
emphasized the temporal aspectsof the task more than the spatial aspects, suggesting that more
effort should be spent on maintaining temporal task performance.
9-15
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Laterstudieshaveusedmore complex,flightcontroltrackingtaskswith proceduralchecklists,
measuringperformanceon both.Mengelkochetal.(1971 )combinedaflightcontroltaskwitha
proceduralchecklistaskcontaining125 discreteitems.Over a fourmonth retentioninterval,
discreteproceduralresponseswere more susceptibletoforgettingthanthecontinuousflight
controlresponses.Thoughtheprocedurallosseswere greatenoughtobe practicallysignificant,
theinvestigatorswere carefultoqualifythisconclusion.Itisnotpossibletodefineequallevelsof
learningbetweenthetwotypesofdependentmeasures;trackingismeasured asa continuous
variable(e.g.,altitu_error),whileprocedurallistsare measured by percentagerror. Inthis
contextofrealaviationtraining,however,more emphasisshouldlogicallybe placedon the
learningand retentionofproceduralcheckliststhanoncontinuousflightcontrol(Gardlinand
5itterley,1972).
SitterleyandothersconductedaseriesofskillretentionstudiesforNASA intheearly 1970's.All
tasksrequiredbothactiveflightcontroland theuseofproceduralchecklists,andutilizeda
complex,closed-loopspaceshuttlecockpitsimulator.Comparing manualcontrolwithemergency
proceduralskillretentionfrom one tosixmonths,Sitterlayand Berge(1972) foundthat
proceduralskillsdegradedmuch more rapidlythanoperationalskills.Flightcontrolskillswere
acceptablyretainedfortwo months,whereasproceduralperformancedegradedafteronlyone
month;flightperformancedegradedby afactoroftenafteran intervaloffourmonths. 5itterley
etel.(1972) foundsimilarpatternsofdegradation,buttheproceduralskillIos_was notasgreat
asthatfoundinthepreviousstudy.The studiesdifferedinthatthepresentstudyusedexperienced
pilots(thepreviousdidnot)andallowedwarm-up techniquespriortoretentiontesting.
The studiescitedabovehaveallhadincommon theperformanceand measurementofboth
continuous,trackinganddiscrete,proceduralskills.While differingretentionintervalsandtask
complexitieswere used,theconsensushasbeenthatproceduralskillsare (I)more quicklylost,
and (2) losttoalowerrelativeskilllevelthantrackingskills.
The underlyingfactorsresponsibleforthisdifferentialretentionlossarestillunknown, however.
Taskorganizationdifferencesmay beresponsibleforthisdifferential(seeSection2.1.2.).
Alternatively,proportionallymore trainingmay be achievedby trackingthanby procedural
performanceinashortperiodoftime,becauseofitscontinuousnature,asdiscussedinSection
2.2.I.Also,thereram/naturallybemore transferand practiceoftrackingskillsina given
retentionintervalthanisallowedforproceduralskills(_.._eS ctions2.2.3.and 2.3.2.).Thefact
thatproceduralskillsdegrademore rapidlyand fullythanoperationalskillsmay thusbe an
emergentpropertyofotherunderlyingmechanisms.Differentypesofparametersare al_
measured inthesetwo classesoftasks.Proc_luralskillsaremeasured by accuracyinfollowing
theestablishedorderofatask,whileoperationalskillsare typicallymeasured by temporal
parameters.Ifproc_luraltasksare measuredby suchparametersasthetimerequiredto
completea sequenceofswitchsettings,itineffectbecomesan operationaltask,sothetrue
measureoftasktypemay lieintheparametersmeasured,notintheactualtaskitself.
2.1.2. Task Orqanization
The actualor perceivedtaskorganization,inadditiontotheproceduraIloperationaldichotomy,
influenceskilldegradation.Proceduraltasksmay havelessspatialand temporalorganization
9-16
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thantrackingtasks(Gardlinand$itterley,1972;Trumbo etel.,1965; Swink etel.,1967; Noble
etal.,1967). Unlessastudymanipulatesanorganizationalvariableina highlycontrolled
manner, thetasktypeandorganizationalvariablewillbe confounded.
Perceivedorganizationhasbeenmostcommonly manipulatedby alteringtaskpredictability.
Usinga proceduraltaskcombinedwithatrackingtask,Nayloretel.(1962) systematicallv
manipulatedtaskorganizationby illuminatinglightpairsinapredictableor an unpredictable
order.The taskorganizationhadagreaterinfluenceforlessertrainedconditions,inthatmore
organizationwas requiredas lesstrainingwas given.Trumbo etel.(1965a) createdfour
differentialconditionsoftargetpredictabilityinatrackingtaskby selactingtrackingtargetso
thateveryonefollowedinspatialsequence,oreveryone,second,or thirdtargetwas chosen
randomly.At retentiontesting,subjectswho receivedthemost predictabletargetsequence
retainedskillsbetterthanallotherlevelsofpredictability.Infact,performanceaftera five
month retentionintervalusingthepredictablesequencewas superiorwhen compared to
performanceafteronlyoneweek ofretentionusingthelesspredictablesequences.When
compared withthepredictabletargetorganization,thelasspredictabletasksshowed80% to
100% more error,but littlepracticaldifferencewas notedbetweenthelow organizationaltask
performances.$wink etel.(1967) hadtrackingtargetseitherappearina deterministicorderon
everytrial,or withevery fourthtargetrandomlyselected.Again,thepredictabletargetsequence
producedsuperiortrackingperformanceforretentionintervalsofboth3 and5 months. In
anotherhorizontaltrackingtask,Trumbo atel.(1967) producedthreelevelsoftarget
predictability,correspondingtoevery4th target,6th target,or no targetsrandomlyassignedina
sequenceof 12 targetlocations.Alllevelsofpredictabilityproducedthesame performanceby the
endoftrainingsessions,butretentionattheendofone week was greatestwiththemost
predictabletask.The lowestpredictabilityaskproducedbetterperformancethanthemedium
predictabilityaskby theendoftheretentiontesting_ion, perhapsdue tothefactthat
differentialtraininghadbeangiventothesetwogroupsofsubjects;low predictabilitysubjects
received195 trainingtrials,whilethemedium predictabilitysubjectsreceivedonly80 trials.
Noble and Trumbo ( i 967) reviewed a number of experiments, breaking down retention loss by
spatial and temporal uncertainty variables. In general, the greatest retention losses were noted in
the most uncertain task conditions, and response strategies by subjects varied with the amount of
task uncertainty.
Manipulationsofproceduraltaskuncertaintyhavealsobeenusedtoalterorganization.Nayloret
al.(1968) manipulatedthepredictabilityofasecondaryproceduraltask,whilesubjectswere
simultaneouslyperformingaprimary trackingtask.6ubjactshadtodepressbuttonsinvarying
orders,dependingon which ofseverallightswere illuminatedata pointintime.Two levelsof
proceduraltaskorganizationwere defined:a lightsequenceinnumericelorder,andasequencein
random order.Afterretentionintervalsof Ito4 weeks,thewellorganizedsecondarytaskhad
lesserperformancedecrementsthandidthelessorganizedtask.Inadditiontodecrementson the
secondarytask,performanceontheprimarytrackingtaskwas alsoinfluenced.The wellorganized
secondarytaskproducedsuperiorretentionontheprimary trackingtaskafterboth Iand4
weeks,thandidthemore poorlyorganizedsecondarytask.
Th_.,ehaveclearlydemonstratedthattaskorganizationdirectlyinfluencesbothproceduraland
trackingskillretentionduration.The actualtaskpredictabilitywas manipulated;retentionmay
alsobe influencedby perceivedorganizationwithina task.While nostudieshavecompared actual
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versusperceivedpredictability,this is preciselythefunctionoftraining.
2.1.3.TaskWorkload
Workload referstothephysicalandcognitiveffortimposedby an operationaltask.Earlierwork
inthisareastudiedtheeffectsoftime-sharingbetweenseveralvisualdisplays,as isrequired
when drivingorflying,whilelaterwork utilizedother,jointcombinationsofabstractand
operationaltasks.For many reasons,some efforthasbeen made todevelopmodelsand measures of
workloadingenerictasks(e.g.,Brown, 1978). Rouse(1979) hasreviewedinformationtheory,
controltheory,andaueueingtheorymodelsofoperatorworkload,aswellasperformance,
physiological,andsubjectiveworkloadmeasures.Workload isofinterestdue toitseffectupon
skilltrainingandretention.Tasksrequiringmany simultaneouscontrolmovements,as in
aircraftcontrol,or taskscontaininglongstringsofbranchingpointdecisions,can bothbe
consideredtobeofhighcomplexityand requiredworkload.Johnson (1981 )suggestedthatthe
number ofstepsrequiredina proceduraltaskshouldbe adeterminingfactorinitsprobabilityof
successfulskillretention.
Itisinterestingtoask (I)whetherskillsforahighworkloadtaskare retainedforadifferent
timeperiodthanthoseforalowerworkloadtask,and (2) whether an individualcan be trainedto
performa giventaskunderhigherworkloadconditions.The organizationofa taskmay be
consideredtodirectlyaffectworkload,inthatthetwo are inverslyrelated(seeSection2.1.2.).
The mostvalidmethodofincreasingworkloadhasbeentoadda secondarytaskon topofa measured
primary task.Garvey(1960) trainedsubjectsfor25 dayson atrackingtask,thenaddeda
differentsecondarytaskon threesubsequentdays.Inclusionofthesecondarytasksgreatly
increasedtrackingerrortolevelsaboveinitial,unpracticedlevels.Single-task,low workload
trainingdidnottransfertodual-task,higherworkloadtasks.Briggsand Wiener (1966) noted
thathigherfidelityrainingisrequiredinhighworkload,dual-taskperformance,thaninlower
workloads.Thisresultwas generalizedtoflightcontrolsimulators.Rudimentaryflightcontrol,
havinglow time-sharingrequirements,may betrainedon low fidelitydevices,butgreater
workloadreduiresa higher-fidelitysimulator.Trumbo etel.(1967) combinedatrackingtask
withaverbalnumber anticipationtask,ofvaryingdifficulties.Additionofthesecondarytask
againdroppedtrackingperformancetobelowthatatthestartoftraining.Performanceafter
retrainingdidnotincreasetothelevelshown by thosenotperformingsecondarytasks.Further,
performancelossafter8 daysofretentionwas independentoftheintroductionofthesecondary
task.Nayloretal's(1962, 1968) subiectsperformedindual-taskcombinationsofa tracking
taskwithaswitch-settingproceduraltask,withpredictabilityintheproceduraltask
manipulated.Thisalsoinfluencedworkload,becausemuch more attentionhadtobe placedon
proceduraltaskperformanceinconditionsoflow predictability.For eachofthetwo tasks,thelow
predictabilityproceduralconditionsproducedbothpoorerabsoluteperformanceandpoor
retentionaftera4 week retentioninterval.The amountoftrainingwas thegreatestpredictorof
absoluteperformancelevel._pher and North(1977) combineda primary trackingtaskwitha
secondarydigit-processingtask,and manipulatedtrainingconditions.Greaterperformance
improvementsfrom trainingoccurredunderdual-taskthanundersingletaskconditions,as ifthe
motivationfromahardertaskwas beneficialtolearning.
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Thedefinitionandmeasurementofmentalworkloadis ayoungscience,butsomeinvestigatorshave
clearly implicatedit asafactorin trainingandretention.Higherworkloadtasks,definedbylarge
levelsofcognitivelime-sharing,arehardertolearnandretain.Largeperformance
improvements,duetotraining,havebeennoted,however.Relativeskill retentionduration
betweensingleanddual-taskconditionsalsoremainstobemodeled.
2.1.4.PerformanceMeasurement
The methodologyusedtoassessone'sperformanceina taskhasbeena continuingissueformany
years. Infact,an entireissueofajournalwas recentlydevotedtothistopic(Human Factors,
Volume 21 (2), 1979). Measurement ofpro_duraland operationalskillfollowinga no-practice
retentionintervalhasreIieqon measuresofaccuracyorspeed.Thesedependentvariablesare
thenplottedasafunctionoftime,acrossseveralexperimentalsubjectgroups.Bahrick(1964)
critiquedthebasicskillretentioncurve,suggestingthatobservedchangesaredue tovarying
sensitivitiesofanoverserver'sperceptuaIlcognitivesystembetweentestingsessions,andnot
necessarilyduetoforgettingor retentiondifferences.ConvertingdegradationscoresintoZ-scores
may aidinstabilizingthevariancebetweentestingsessios(Bahrick,1965).
Single-taskperformancemeasurementmay notcapturetheconcurrentdemand,time-sharing
requirementsofrealwork environments,andmany haveartificiallycombinedmany tasks
togetherintomultipletaskbatteries(e.g.,AIIuisi,1967). Thasetaskbatteriesprovidehigh
validity,precisioninmeasurement,and_mple a broadrangeofabilities(Akins,1979).
However, some havearguedthatthebatteriesareunnecessarilyartificial,andperformancesoores
may be definedratherarbitrarily(Chiles,1967;Akins,1979).
Swezc,'y(1979) introducedaBayesian-orientedutilitiesmodal todeterminewhatcriterionlevel
shouldbe achievedattheend oftrainingsessionsforgunnery trainees.Thiscalledfora iO-step
decisionmodel,identifyingcomponentsofthemodelandcalculatingutility.Other,empirically-
basedmethodsofassignmenttotrainingprograms havealsobeanpresented(e.g.,Savageetat.,
1982).
The appropriatechoiceofusefulperformancevariablesand methodologiesisstillvery much at
issue,particularlyinlightofthefactthatthedegreeofobservedretentionisdependentonwhich
perametersare used.Some inv_tigatorshavemeasured absoluteperformance,whereasothers
useddifferencescores,subtractingpost-trainingperformancefrom retentionperformance.Both
typesofscoresare requiredtoevaluatelossduringa no-practiceretentioninterval(Gardlinand
$itterlay,1972). Also,variancemeasures,inadditiontomeans,have rarelybeanusedas
performanceindicators.
2.2. TPAINING FACTORS
Thissectioncoversthosefactorshavingtheirprimary influenceon initialtasktraining.Many
havesuggestedthatthesevariablesarestleastasinfluentialstaskvariablesindeterminingthe
durationofskillretention.Factorscoveredhereincludethedurationoftraining,thedistribution
ofinitialtrainingsessions,transfer,oftraining,end fidelityissues.The centralqu_tionsto
considerconcerntherequiredamountoftraining(cost)toexpectadequateskillretentionfora
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desiredinterval(benefit).Such issuesaswhetherwholeor part-tasktrainingareneeded,and
thedegreetowhichalreadytrainedskillscanbe transferred,are relevantinansweringthis
question.
2.2.I.Amount ofInitialTraininq
A consistentfindingacrossmany skillretentionstudieshas beenthattherelativeamount ofinitial
trainingonereceivesisastrongpredictoroflevelanddurationofskillretention.Overtrainingon
onetaskmay beconsideredinsufficienttrainingon asimilar,analogoustask.Also,overtraining
canbe veryexpensiveifitrequiressignificanthigh-fidelitysimulatortime. Due tothe
importanceofthisi_ue, referenceismade tothefigurespresentedearlier.
Usingonlya 1S-stepproceduraltask,Ammons etel.(1958, Experiment 1)trainedsubjectsfor
either5 or 30 trainingtrials.Initialcompletiontimeforthetwosubjectgroupsattheendof
trainingwas 0.4and0.2 minutesforthe5 and 30 trialgroups,respectively.Aftera2 year
no-practiceretentioninterval,the5 trialtrainingroup performedthetaskin 1.3minutes(a
3-foldincrease)and the30 trialgroupperformanceroseto0.5 minute(2.5-foldincrease).
Proportionallyfewertrialswere requiredforthe5 trialsubjectstoregaintheirinitial
performancethanwere requiredby the30 trialsubjects.Thistrainingdifferenceisplottedin
FigureI(B). Intheirtrackingtask(Ammons etel.,1958, Experiment2),subjectswere trained
inaircraftcontrol(usingan airplanemodel)fora periodofeitherIor 8 hours.R_ults from
thisstudy,plottedinFigure2(A),showedthatskillsincreasedsomewhat overretentionintervals
ofup to2 years.Thisincrementwas approximatelyequalforbothtrainingdurations,butthe8
hourgroup maintainedabouta 2%- 10% superiorityover the I hourgroup performance
throughoutallretentionintervals.While thesuperiorityoflongertrainingremainedclearin
thistask,thereasonfortheperformanceincrementdidnot.
Mengelkochetel.(1960, 1971 )trainedinexperiencedsubjectsforeither5 or 10 daily
50-minute sessions,inan aircraftflightsimulator.As shown inFigure I(C),thetwo groupshad
approximatelythesame skilldegradation,aftera 4 month retentioninterval,ona proceduraltask
(lossesforthe5 and I0 trialgroupswere,respectively,20% and 16% oftraininglevels).The
effectofgreatertrainingwas inachievinganearly20% increasein initialtraininglevelon the
proceduraltask.The flightcontrolor trackingportionsofMengelkoch'studyonlyshowed
significantskilldegradation,from bothtrainingroups,fortheairspeederrorparameter.The 5
and I0 trialtrainingroui3showedaltituderror increasesofabout I0 feetoverthe4 month
interval(seeFigure3(A)),or about20%-30% increasefrom initiallytrainedlevels.Thisloss
was significantforthe5 trialgroup,butnotthe I0 trialgroup.Likeperformanceofthe
proceduraltask,theprimary differencebetweentrainingdurationgroupswas intheperformance
levelattheendoftraining,ratherthantherelativelylongskillretention.The factthatthe5
trialgroupretainedtheirskillstothesame magnitudeas thelongertrainedgroup ismeaningful.
Nayloretel.(1962, 1968) trainedsubjectsona dualtrackingand proceduraltaskforeither2
or 3 weeks ofdailysessions.The longertrainingproducedrelativelysuperiorperformanceatthe
end ofboth Iand,Iweek retentionintervalswhen comparedwith endoftrainingscores,butonly
inomissiveerrors.The comi_ive errrorsheredidnotsignificantlydiffer.FigureI(F) shows
theomissiveerrorsfrom thesesubjects.Nayloretel.(1963) usedthe_me taskand trained
subjectsforeither5 or I0 dallysessions(oneor two weeks).Only comissiveerrorshere
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differedasa functionoftrainingduration.The trackingperformancefrom mesa ouai-taskstuoies
showedsimilartrends.Threeweeks oftrainingpreducedlessintegratedtrackingerrorand
greaterskillretentionthantwo weeks oftraining.Integratederrorwas alsosignificantlyower
for2 weeks oftraining,compared with 1weekoftraining.The 1week trainedgroupdid,
however,displm/increasesinskillduringtheretentioninterval,notshown by the2 week group.
Usingasimpleabstractlinetrackingtask,Hammerton (1963) varieddesiredinitialtraining
criterions,asopposedtovaryinginitia]trainingdurations.A 5% criteriongroup required3
successivedailyelapsedtargetacquisitiontimesthatdidnotdifferatthe 5% levelofsigmficance.
Likewise,thoseinthe 1% criteriongrouphad3 succ_ive scoresnotdifferingatthe 1% level.
Retentionoftrackingskillafter6 monthsisshown inFigure2(12).While two groupsdidnot
differinmean timeaftertraining,the5% grouprequiredmore than I0 additionalsecondsthan
the 1% group after6 months.Thisdifferencewas bothstatisticallyand practicallysignificant.
Even the 1% groupexhibitedsignificantskilldegradation,inspiteoftheirextensivetraining.In
thisstudy,theadditionaltrainingI.oachievethe 1% criterionwas 9 to 17 daysbeyondthe8 to22
daysrequiredforthe5% criterion.,Thisdegreeofoverlearningsignificantlydecreased,butdid
notentire!valleviate,skilldegradation.
Trumbo etal.(1965a) presenteda similarlinetrackingtaskto250 subjects.Halfwere trained
for50 trialsandhalffor 100,overa 3 day interval.As shown inFigure2(D), bothtraining
groupsshowedsignificantretentionlosses(increac=_dtrackingerror)overa 5 month interval.
The taskorganizationwas a strongerpredictorofretentionlossthanwas theabsolutetraining
duration.The hightraininglevelgroupdidexhibitlessskilllossthanthelow trainingroup at
alltestedretentionintervals.A subsequentanalysisofseparateskillretentioncomponents,from
onlythe IO0 trainingtrialgroup,demonstratedthatthebesttrackingsubjectsretainedtemporal
accuracy(asmeasuredby leador lagtime)betterthanspatialaccuracy(as measuredby
percentageofoveror undershooterrors).Thus,temporalasopposedtospatialtrainingmay'be
more importantinretainingtrackingskillsovera longduration.
Ina complexsimulationofan Apollomission,Younglingetel.(1968) trainedtheirsubjectsfor
either60 or 120 days.The overallskillretention,measured by timeon target,was twiceas
greatforthe 120 trialgroup(5.5 seconds)thanthe60 trialgroup(2.4 secondson target).
Hagman (!983) summarized _-_:vera!skillretentionstudiesperformedinmilitarycontexts.
Hegmen (1980) variedthenumber oftimesArmy personne]repeateda proceduralelectrical
alternatoroutputtestduringtraining.Increasedtaskrepetition,from 1 to-Itimes,reduced
performancetimeanderrorsby approximatelyconstantamountsduringtrainingand aftera two
week retention.Increasingrepetitionslinearlyincreasedperformanceuntilthe-1repetition
durationtraining.8chendeland Hagman (1980) trainedArmy groupstoeitheronecorrect
performanceor two correctperformancesinthedisaasembIyandassemblyofan M60 machine
gun.Afteran 8 week retentioninterval,thegreatertrainedgroupcommittedfewererrorsthan
thelessertrainedgroup._Idberg atel.(1981)trainedArmy personneltoeitherIor 3
successivecorrectperformancesofboresightingandzeroingthemain gun ofan M6OAI tank.
Again,higherperformanceaftera5 week retentionwas achievedby themore highlytrained
personnel.,SchendelandHegman alsovariedthetimeatwhich extratrainingwas actuallygiven.
One groupofsubjectsreceivedextrataskrepetitionsduringtheintitialtraining,whileasecond
group receivedtheirshalf-wayduringtheretentioninterval,at-1weeks. Theyfoundno
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significantdifferencebetweenthetwomodes,implyingthatit is morecosteffectivetosupplyall
trainingatonetime.
Mostoftheabovestudieshavebeeninagreementin thatskill retentionis afunctionoftraining
duration.Manyquestionstill remain,suchaswhethertrainingdurationismoreor le_
importanthantaskorganizationor theretentionintervalindeterminingthemagnitudeofskill
retention.
2.2.2.TraininqDistribution
The way inwhichagivenamountoftrainingisdistributedovera timeintervalisalsopredictive
ofskillretentionsuccess.Fleishmanand Parker(1962) manipulatedthemethodofretraining
followingano-practiceretentioninterval.A massedpracticegroup received4 practice_ssiona
withina2 hourperiod,whilea distributedpracticegroup receivedthesame leveloftraining,
spreadacross4 subsequentdays.Thedistributedtrainingroupoutperformedthemassedpractice
group by theendofretraining,butbothgroupsperformedequallywellafteranotherIweek
retentioninterval.Thus,thedistributedpracticeram/havehad itseffecton temporary
performancefactors.Hagman andRose(1983) reportedthatinsertionoftimebetween
repetitionsofataskincreaseskillretention,but theproblemsassociatedwiththedisruptive
trainingmay overshadowtheirbenefitsinactualtasks.Hagman (1980) compared massedversus
spacedtrainingforArmy electricalalternatortastersand repairers.The massedtrainingroup
took51% longerand made 40% more errorsthanthespacedgroup.Schendeland Hagman (1980)
eithergavetaskrepetitionsa partofinitialtrainingorone month later,and foundno difference
inabilityafteratwo month retentioninterval.Spacingoftasktrialsand/orsessionsma_/be
helpful,butthereissome questionastowhether itseffectivenessvarieswithtaskproficiency
l_el (Hagman andRose,1983). A model isneededhere,and must considertheinitiallevelof
post-trainingskillproficiency,which alsodeterminestherequiredfrequencyoftaskrepetitions.
2.2.3.TransferofTraining
Trainingtransfereferstotheabilityofatrainedskilltogeneralizetoa new setting.From cost
considerations,positiveskilltransfermeans thatperformanceon a taskcan utilizealready
trainedskills,savingtimeandmoney. Also,highlygeneralizableskillscaneasilybe usedinnew
settingsor situations,forwhich no traininghasbeenconstructed.The term validityreferstothe
degreetowhich trainingreadiesone forperformanceona task,and isameasure oftraining
transfer.
Briggsand Wiener (1966) trainedsubjectstoperform an abstracttwodimensionaltrackingtask,
andtransferredthistrainingtoaneasiertaskrequiringthesettingofacontrolknob. High
fidelitytraining(achievedthroughpropriaceptivecontrolfeedback)was onlyrequiredwhen the
transfertaskreqiuiredahighleveloftimesharing,by forcingconstantpositioning.Thus.when
proprioceptivecuesandhighlevelsoftimesharingare requiredina task,thetrainingprogram
shouldbeofhighfidelity.
Reid(1975) assessedtrainingtransferfrom aformationflightsimulatortoactualformation
flying.Untrained,formationsimulatortrained,andaircraftrainedpilotswere compared in
actualflightformationflying.Evidenceofpositivesimulatorskilltransferwas obtained,asthese
9-22
Trainingfor LongMissions J.H.Goldberg
pilotsdidnotfly significantlydifferentlyfromconventionallytrainedpilots.Thesimulator
providedthesame degreeoftrainingastheflightsorites,indicatinga highlevelofskilltransfer.
CarterandTrollip(1980) showedthattrainingtransferbetweenskillsmay"becompared by
plottingiso-transfercurvesbetweenpairsofskillsand notingmaximum transferpairings.An
operationsresearchtechnique,theLograngeMultiplier,was usefulfordeterminingcostsand
benefitsoftraining.
Validityoftrainingcanalsobeevaluatedby themethodproposedby Goldstein(1978), who useda
fourlevelapproachtoevaluation:(I)Traininqvalidity,determinedby traineeperformance
relativetostandardtrainingcriteria,(2) Performancevalidity,measured by transferofjob
performance,usingcriteriafrom theactualjob,(3) Intra-orqanizationalvalidity,measured by
theperformanceofa groupofnew traineesbasedon theperformmanceofa previousgroup, and
(4) Inter-orqanizationalv idity,measuredby thedegreetowhich atrainingprogram validated
inoneorganizationcan beusedinanotherorganization.Alloftheselevelsmust beevaluatedto
determinetheeffectivenessor validityofagiventrainingprogram. Movingfrom thefirstlevelto
thefourth,an increasingnumber ofvariablesinfluencethesuccessoftraining.Also,the
necessarylevelofcomplexityinatrainingneedsanalysismust dependon thefinalgoaloftraining.
Ifone'sgoalsdonotreachbeyondthesecondlevel,forinstance,thereisno needtoconsiderlevels
3 or 4. Suchastructuralassessmentofvalidityisrequiredtotransformtrainingneeds
assessmentfrom arttoengineering.The validityoftrainingapparatus,accordingtoCrawfordand
Crawford(1978), liesmore inthemanner inwhich itisused,ratherthaninthedegreeofits
similaritytoactualequipment.Theseinvesti_torsubstitutedconventionalhands-onpractice
forpart-taskcomputer-basedtrainingon theuse ofan int_ratedcontrolpanelinan
anti-submarineairplane.Controlsubjectsperformedon ahighfidelitysimulationofthecontrol
panel,whileexperimentalsubjectswere trainedusingagraphicsimulationon a touchscreen
display.Theexperimentalsubjectscompletedmore tests,inlesstimethanthecontrolsubjects.
The computer-basedtrainingwas foundtoprovideatleastasgoodskillacquisition,inlesstime
and atlessercost,thanthefullsimulatortraining.A costanalysisindicateda substantial
two-thirdscostsavingsovertheconventionaltrainingmethod,much ofwhichwas duetoasmaller
number ofinstructorman-hours.
Adams (1979) contrastedtheshortcomingsoftwo methodsofratingflightsimulatorsforaircrew
training.A transferoftrainingstudymeasurestherelationshipbetweenachievedtaskcompetence
and proficiency'on theflightsimulator,whiletheratingmethodrequiresanengineeringand
experiencedpilotassessmentofhardwareandflightsimilaritybetweenthesimulatorand actual
aircraft.Adams reviewedmany studieswlththethesisthatbothtechniquesareflawed.Thisdoes
notmean thatsimulatorsarenotuseful,though.Humans requiretheperceptual-learning,
stimulus-responselearning,andfeedbackprovidedby simulatorsessions.Inaddition,simulators
successfuIIymotivatetraineesbetterthanlowerfidelitylearningenvironments.Because
simulatorsare basedonthesewell-foundedprinciples,simulatorsneednotbeevaluatedfortheir
effectiveness;thismay be takenon faith(Adams, 1979).
As partofhisproceduralcontrolsettingtrainingstudy',Johnson(1981 )measuredskilltransfer
by manipulatingthesequentialstepsoftheoriginaltask.Intwo experiments,low-fidelity
paper-and-penciltrainingtransferredvarywalltothenew operationaltask.Althoughthetwo
taskslikelyutili2_=dsimilarskills,thiswas furtherevidenceoftheutilityofanalogoustasksfor
trainingpurposes.Validitydeterminationandtrainingneedsassessmentarestillverymuch
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debatedtopics;thissectionhasonlybriefly introducedtheseissues.
2.2.4.TraininqFidelity
A largeanddetailedlieteraturehasdeveloped,concerningrequiredfidelityintasktraining.At
issuehereiswhetherfullfidelityisrequiredtoachieveadequateand retainedskillperformance.
Considerationssuchaswhetheropenor closed-loopsimulationcontrolisrequired,whether
simulatorsmustnecessarilymove, orwhether adequatewhole taskperformancecanbe achieved
from part-tasktraininghavebeenaddressed.Inthispaper,fidelityreferstothedegreetowhich
atrainingdevicecan mimic an actualtaskofinterest,suchasflyingan aircraft.
N_lor etel.(1963) manipulatedthetypeofrehearsalsubjectsreceivedinadualtrackingand
proceduraltask.The proceduraltaskconsistedof9 pairsoflightstowhich responseshadtobe
made,and thetrackingtaskwas a threedimensionalmeter nullingtask,inwhich roll,pitch,and
yaw were simulated.Inwhole-tasktraining,subjectspracticedwithbothtaskssimultaneously,
asrequiredforthemeasuredperformancetask.Part-tasktrainingrequiredseparatepracticeon
eachtask.Retentiondifferencesbetweenthetrainingconditionswere significanton tracking
performance,withthepart-taskrehearsalgroup displayinginferiorperformance.Whole-task
rehearsalwas alsosuperiorforproceduraltaskperformance,butthissuperioritylessenedover
theretentiontesting.Whole-taskrehearsalwas superiorwithasmallamountoftraining(up to
5 days),but afterI0 daysoftraining,thetwo typesofrehearsalwere notsignifianctlydifferent.
N_Ior and Briggs(1963) manipulatedrehearsalconditionson thisproceduralswitchsetting
task.Whole-taskrehearsalconsistedofrepeatingtheoriginaltaskhaLf-w_ throughthe2 month
retentioninterval.Part-taskrehearsalconditionsconsistedofeither(I)spatialrehearsal,with
stimuluseventsoccurringatequaltemporalintervals,or (2) temporalrehearsal,withstimulus
eventsoccurringatvaryingtimesas intheoriginaltask,and stimuliappearingina regular
spatialorder.Thewhole-taskgroupproducedfarfeweromissiveproceduralerrorsthanthe
part-taskgroupsupon initialretentiontasting.The whole-taskand part,temporal-task
rehearsalwere superiortospatial-taskrehearsalwhen consideringcomissiveerrors.Thus,
whole-taskrehearsalherewas bast,closelyfollowedbY part-tasktemporalrehearsalin
upholdingskillretentionovera I month retentioninterval.
Fleishman(1965) presenteda multidimensionaltrackingtasktoinexperienc_IAir Force
trainees,withtheobjectiveofpredictingwhole-taskperformancefrom variouscombinationsof
part-tasktraining.The performancemeasurementdevicecontainedisplaydialsforheading,
altitude,bank,andairspeed,which allhadtobesimultaneouslycantered.$ubiactswere first
proficiencytrainedon onedial,thentwo dials,thentheentiretask.Correlationsbetween
one-dial,part-taskperformanceandwhole-taskperformancerangedfrom .46 to.54 acrossthe
subjects.Betweentwo-dial,part-taskperformanceandwhole-taskperformance,therangewas
.63 to.70. Multiplecomponentpracticewas abetterpredictorofwhole-taskperformancethan
singletaskperformanceinthismultidimensionaltask.Inaddition,themultiplecomponent
performancewas atleastaspredictiveaslinearcombinationsofthesingletaskperformances.
Thegreatestcorrelations(.74)betweenpart-taskandwhole taskperformancewere foundwith
linearcombinationsoftwo,two-dialpractice.Inthiswork, theactualtaskcomponentsthatwere
usedwas lessimportantthanthefactthatsimultaneouspracticehadoccurred.Allpredictivetasks
herewere part-taskpractice,butthisinv_tigationsuggestedthata continuumexistsintraining
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effectiveness,betweenvariousintegrativeorcombinatorylevelsofsub-taskperformances.
Inhisspacevehicleapproachand landingsimulator,Sitterley(1974) variedthefidelityofpilot
retrainingmethods,followinga 4 month no-practiceinterval.The number ofvisualcuespresent
inthetrainingsessionstronglypredictedthelevelofperformanceachieved,andthelevelofvisual
cueingwas independentofthefidelityofthesimulatorsession.Staticphotographictrainingwas
superiortoopen-loop,dynamictraining.Allcues,however,presentinthestaticpictorialmethod
were presentinthedynamicdisplaytraining,sothetotalnumber ofcueswas notsoleypredictive
oftrainingeffectiveness.As statedby Sitterley,themost importantelementinthesetraining
alternativeswas thepresentationofefficientcueswhich assistedpilotsinrecallingtheirbasic
flightexperiences.Thus,open-loop,statictrainingmethodsmay actuallybe superiortomore
costlymethods,givencarefultrainingprogramdesign.Trollip(1979) compared acomputer-
basedwitha simulator-basedtrainingprogramforaircraftflightcontrol.Controlsubjectswere
trainedinaflightsimulator,whileexperimentalsubjectswere trainedon a plasmatouchscreen
terminalwithanattachedhandcontroller.Thecomputer-besedtrainingproducedsignificantly
fewer criticalerrorsandbetterflightcontrolthanthesimulator.Thistrendwas identicalinboth
nowind andcrosswindflightpatterns.When generalizaingflightcontroltoa new procedure,no
differencewas foundbetweenthetwo methodsoftraining.The computer-trainedsubjects
performedbetter,learnedquicker,andmade fewermistakesthantheircontrolcounterparts.It
allowedstudentstodevelopbettermentalimagesoftheidealflightcharacteristice.Johnson
(1981 )alsofoundthattrainingrequiringlargeuseofmentalimagerycuescan producethe
highestlevelofskillretention.Even inhighcomplexityflightsimulationandcontrol
environments,thehighestleveloffidelityisnotrequired.Sitterlayand Berge(1972) and
Sitterley(1974) concludedthatstaticrehearsalor trainingmay besuperiortothedynamic,
higherfidelityrehearsalbecauseoftheartificiallyincreasedimportanceofvisualcues.
One variablesignificantlyinfluencingfidelityinaircraftsimulationsisflightmotion.Thishas
been8controversialtopicoverthepastdecade,withmany insistingthatmotioncuesare
unnecessaryforgeneralaviatortraining.Oaro(1979) discussedthisissuewithreferencetotwo
differentmotioncues,maneuver motionanddisturbancemotion.The former motioncuerefersto
thosemotionchangesinitiatedby thepilot,whereasthelattereferstothosecuesinitiatedoutside
theimmediatecontrolloop,suchasturbulenceor engineeffects.While maneuver motionmoves
theaircraftplatform,itdoesnotcauseimportantalertingcuesprovidedby thedisturbancecues,
which leadtoquickerand more accuratepilotcontrolofthesimulator.No motion,on theother
hand,isrequiredifthesimulatedaircraftiseasytocontroland relativelystable(_ro, 1979).
Thus,requiredfidelityherewas basedon alogicalanalysisoftasktrainingrequirements.
Inthemonitoringandcontrolofaproceduralindustrialoperation,Johnson(1981 )utilitzed
threedifferentrainingstrategies:( I)conventional,full-fldelitypracticeon theactualtask,
(2) medium-fidelityreproductionstudyofphotographs,where thesubjectwas allowedtodraw on
thephotos,indicatinghisproceduralresponses,and (3) low-fidelity,blindpractice,where the
subjectwas allowedtostudy,but notwriteonphotosofthecontrolequipment.Althoughthe
conventionalstrategyprovidedthequickestlearningtime(theblindpracticerequired1.5times
as longtoreachcriterion),theconventionalandreproductiontrainingdidnotproducedifferent
controlsettingerrorsaftera 3 month retentioninterval.Thisillustratedthatthehighestfidelity
trainingisnotrequiredinproceduraltasks.Johnsonand Rouse(1982) alsofoundthatlow and
medium fidelitytraininginaircraftpower planttroubleshootingisverycompetitivetohigh
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fidelitysimulation.The highest-fidelitymethodinthisstudyincludedtrainingon theactualtask,
medium fidelityrequiredaspecialpower plantsimulation,whilethelowestfidelitycondition
utilizedvideotapedlecturesand livequizzes.Videotrainingproducedthegreatestperformance
withallsimulatedfailures,and theoriginaltaskand simulationwere similarintheir
effectiveness.From acostconsideration,thelowand moderatefidelitydevicesprovidedsufficient
problemsolvingexperiencetoeffectivelycompetewiththeconventionaltrainingmethods.
Accordingtoguidelinesposedby Cream etal.(1978), thespecificationfrequiredtraining
fidelityappearstobe art,ratherthanengineering.They statedthat(I)essentialandnonessential
aspectsofcontrolsanddisplaysmust bedifferentiated,inthatmany oftheseelementsare not
requiredforpropertraining.(2) The choiceoffidelityismore complicatedwhen dealingwith
displaysratherthansimpleindicators.Also,no rigorousdecision-makingprocedureshavebeen
developedintheareaofcost/benefitfidelityanalyses.Thoughexperiential-basedfidelity
definintionhasbeenusedformany years,no usefulguidelinesexistforthedevelopmentof
trainingfornew tasks.
Perhapstheoegreeofrequiredfidelityisafunctionofhow littleisunderstoodoftheprocesses
requiredtocarryoutagiventask.,Seeminglycomplex tasksmay onlybecombinationsofa limited
number ofcombinedoperations.On these,perhapspart-tasktrainingwould besufficient,ifthe
actualcomponentscouldbe identified.Full-fidelity,whole-tasktrainingwould thenonlybe
required in very complex tasks.
2.2.5.AdaptiveTraininq
Bothground-basedandon-orbittrainingsystemsshouldbeadaptivetotraineeperformance,for
maximum efficiency.Thisre_arch areahasrecentlyshown substantialgrowth,asa resultofthe
developmentofspecificadaptivesystems.Machine-controlledadaptivetrainingsimplyautomates
askilledinstructor,by modifyingthetrainingstimuliasafunctionoftraineeperformance.
Trainingefficiencyismaximized,becauseeffectivelearningonlytakesplacewhen trainingisat
an appropriatelevelofdifficulty(Kelly,1969). Adaptivelearningcurvestypicallyshow a
linearrelationshipbetweenabilityandtime,asopposedtoconventionaltrainingcurves.
The marker variablefortrainingadaptationmay vary,dependingon thenatureofa task.Johnson
andHaygood(1984) utilizedperformanceonasecondarylightrecognitiontasktoadaptthe
difficultyofa primary trackingtask.WilligesandWilliges(1978) concludedthatthemost
effectiveadaptiveparametershouldbea multivariatecombinationofseveralperformanceskills.
Matheny (1969) arguedthatthetimelagbetweena systemresponseandan operator'subsequent
performanceshouldserveastheadaptiveparameteringeneralman-machine systems.While
many parametershavebeenused,theyhaveallservedthefunctionofvaryingthedifficultyofa
primary task.
2.3.RETENTION INTERVAL FACTORS
Thissectiondiscussesthoseskilldegradationi_ues directlyrelatedtotheretentioninterval,
betweentheinitialtrainingand actualperformance.Two factorsherehaveimportant
implicationsforskillretention.(I)The durationoftheretentionintervalhasbeenextensively
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studied,usingintervalsfrom a few minutestowellovertwo years.(2) The natureofactivities
performedduringtheretentionintervalinfluenceskilldegradation,justas practiceofany task
shoulddo. Mostinvestigatorsinthisareahaveconcludedthatlearnedskillsregularlydegrade
withincreasingno-practiceretentionintervals.Bahrick(1964) has,however,disputedthis
concept,claimingthatretentioncurvesbasedonanticipation,recognition,or freerecallreflect
changesinone'ssensitivityfrom sessiontosession.Thiscomplaint,however,was onlydrawn
againstmeasureswithonlyright/wrongresponses.Many proceduralstudies,usingother
continuousmeasuressuchascompletiontime,haveindeedfoundevidenceforregularskill
degradationovertime.
2.3. !. Lenqth of Interval
Retentionintervalsarean importantconsiderationwhen designingrefreshertrainingon lengthy
crew missions.The many skillretention/degradationstudieshaveallshown largeperformance
decrementsuponpost-retentiontesting,when no retentionpracticeisallowed.Estimatesofthe
percentageskilllossatvarioustimeintervalsallowan empiricallydeterminedestimateforthe
frequencyofrefreshertraining,giventhatretrainingisrequiredwhen performancefallsbelowa
setcriterion.Longerintervalsaregenerallyaccompaniedby greaterlossinskills,but thisis
very taskspecific.Ideally,thisreviewshouldprovidean overallskillretentionfunction,
mapping percentageofskillsretainedversusretentionduration.However,re_litydictatesthat
between-studyvariationsmake suchgeneralizationsand modelsvery hardtoachieve.The most
importantquestionthatcanbeansweredhereiswhetheraconstantdegradationacrossmany tasks
isfound,withallotherfactorsbeingequal.AcursoryanalysisoftheresultsinFiguresI through
3 indicatesthatskillsdegradewithtimewhen notsubjectedtointerimpractice,andthatthelevel
ofdegradationreachesasasymptoteinsome studies.
Procedural Tasks. With few exceptions, procedural performance is marked by consistently
increasing decrements with pr_ressively longer retention intervals. Neumann andAmmons
(1957) found that a oneyeer, 90% loss in post-training performance was about the _me as
initial performance at the start of training, but proficiency was quickly regained upon retraining
(Figure IA). Ona task of nearly equal complexity, Ammons et el. ( 1958, Expt. 1) found a 2 to
3-fold increase in task completion time after a one year interval, which did not appreciably
increase after 2 years of retention (Figure I B). The magnitude of relative skill degradation was
the _me here, rage.rdless of the original number of training trials. Mengelkoch ( t 960; 1971 )
also found that relative mognitude of skill lo.._,was independent of the amount of training ( Figure
1C), where subjects showed a 20% decrease in correct procedures after a 4 month retention. In
an extremely complicated 169 hour mission simulation, Cotterman and Wood (1967) found
relatively small degradation over a 3 month retention when only a single parameter was
considered ( Figure 1D). The probability of successful performance over the interval fell by about
.03. However, when all parameters in all phases of the simulation were considered, the
probabilities dropped significantly over the interval; initially at an average of about 0.6, it fell to
about 0.4 after the retention interval, suggesting that a failure was highly likely in _me mission
phases. This study was flawed, however, dueto uncontrolled retention interval activities and
small sample sizes (Gardlin and 6itterley, 1972). The performance of complex control and
emergency prc_:lures clearly degrade in required procedural time after 6 months, and Sitterley
et el. (1972) noted a 4.5 fold increase after 4 months of retention ( Figure I E). Johnson ( ! 981 )
measured the time required to set controls in an 87-step procedural task, and found a mean time
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of8 minutesaftertraininghadincreasedby 50% to12.8 monutesafterabout2.5 months. As
grossestimatesofthemagnitudeofskilldegradationin proceduraltasks,20% to50% degradation
in3 to6 months,and 50% to 100% or more inmore than6 monthsmay bemade, basedon the
abovedata.
Investigationsovershorterretentionintervals,up to Imonth,havenotfoundconsistentskill
degradationpatterns.For example,usingtheirswitchsettingtask,Naylorand Briggs(1963)
founda 20% decreaseinomissiveerrors,buta 233% increaseincomissiveerrorsafterI month
(FigureIF). Likewise,usingthesame taskpairedwith atrackingtask,Nayloretel.(1968)
foundtheonlyretentiondegradationincomissiveerrorsfrom thesubjectgroupwith lesser
trainingand lowtaskorganization(FigureIF).Thus,skillretentionoflessthanonemonth is
hardertopredicthanlongerdurations,andmay bedependanton many othertaskfactors.
SimpleTrackinqTasks.Performanceon trackingtaskshavenotasa ruleshown thepredicatble
and regularretentiondecrementsshown by proceduraltaskperformance.Incontrollingtheflight
characteristi_ofamodelairplane,Ammons etel.(1958, Expt.2) foundonlya small5%
decreaseintrackingtimeon target,between Iand24 months (Figure2A). Theseslightskill
decrementsfollowedslightbutsignificantincrementsbetweentheendoftrainingand Imonth
retention.Beyondtheabsoluteperformancedifferenceattraining,thedurationoftrainingdidnot
altertherelativedecayrateofskills.Hammerton (1963) useda measureoftargetacquisition
timeinatrackingtask(Figure20). By varyingtheallowableamountofsession-to-session
variabilityattheendoftraining,differentialskilldegradationwas observedataretention
intervalofsixmonths.The loosercriteriongroupshoweda 3-foldincreaseintargetacquisition
time,whereasthetightercriterionshowedonlyabouta I-foldincrease.Thus,intracking,
regularityofperformanceaswellasabsolutemagnitudeappearstopredictthedegreeofskill
degradation.Overashort,Imonth retention,Nayloratel.(1962; 1968) demonstrated
statisticallysignificantskilllossat2 levelsoftrainingdurationand two levelsoftask
organization(Figure2E). Relativelossesaveragedabout16% atone week,and 44% atone month.
Fourstudiescitedhereusedintegratedtrackingerrorasa dependentmeasure. Fleishmanand
Parker(1962) hadtwo groupsofsubjectsperform trackingtacks.A group receivingno formal
trainingshowednoperformancedecrementatup to14 months ofretention(Figure2B). A second
groupwho receivedformaltrainingon thetaskshoweda I-foldincreaseinerrorafteroneyear,
butthenshoweda4-foldincreaseafter2 years.Trumbo etaI's(1965a) subjectsshowed
virtuallyno performancedecrementwith intervalsup to5 months,when thetaskwas
unpredictable,withrandom targetslocatedon everytrial(Figure2D). However,when thetarget
positionwas more predictable,post-trainingtrackingerrorwas about50% lassthaninthe
predictablecondition.Retentionintervalsof Iand5 monthsproducedlargedecrementsin
performance,upwardsof50%-60% from traininglevels.Equaldegradationratesmere foundfor
both50 and IO0 trainingtrialconditions,withthelatterconditionalwaysproducingbetter
performance.Trumbo etel.(1965b) alsodemonstrateda 24% skilllossaftera Imonth
retentioninterval(Figure2D). Swink etel.(1967) alsomanipulatedtaskpredictabilityand
trainingdurationinatrackingtask(Figure2F). The retentionintervalinthisstudy,however,
was unrelatedtotrackingerror,astrackingabilitydidnotdegradeovera 5 month no-practice
interval.Roehrig(1964) hadseveralsubjectstandon a smallbalancingplatform,andmeasured
thetimedurationthattheycouldbalancetowithin± 1.5°ofhori_ntal.Aftera 50 week hiatus
from thetask,allsubjectsdemonstratedperformanceatleastasgreatasshown attheendof
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training.Much likethewell-known factthat"oneneverforgetshow toridea bicycle,"th_stask,
oncetrained,seemedtotriggerthesame skillretention.Perhapsthereismuch abilitytransfer
from balancinginordinarywalking(oncethebodyhas beentrainedtousethemusclegroups
requiredby thetask),and subjectswere unknowinglypracticingthetask.Thisconversly
suggeststhatwe can forgethow torideabicycle,ifbalancingisnotnormallypracticed,as in
bed-riddenorspacefaringindividuals.Researchneedstofirstbeconductedtodeterminewhich
tasksaredependenton balancingpracticeinagravityenvironment,aswas impliedby anearlier
report(NationalAcademy ofSciences,1972, p.245). A taxonomyoftasks,organizedby gravity
dependency,shouldbedeveloped.
Simple trackingperformance,notrequiringa largenumber ofsimultaneousdecisionsand
elementsofconciouscognitivecontrol,doesnotappeartodegradeasreqularlyand predictablyas
proceduralskillperformance.While some studiesdidfindlargedecrementsafterafew months
(e.g.,FleishmanandParker, 1962; Hammerton, 1963),othershavefoundnoevidenceofskill
degradation(e.g.,Ammons etel.,1958; Swink etel.,1967). Clearly,insimpletracking,other
factorsare importantindeterminingthedegreeofretentionloss.From thosestudiescitedhere,
thosefactorsmust includedurationofinitialtrainingandtaskorganizationor precIlctaDility.
Complex TrackinqTasks.Inthosefew studiesusingtrackingtasksinhighercomplexityflight
controlcontexts,performanceon atleastoneparameterhasshown stronginterval-related
degradation.Mengelkach(1971 )foundsignificantincreaeaminaltituderroraftera4 month
retentioninterval(Figure3A). The skilldegradationratewas equalbetweenthe5 and 10
trainingtrialgroups,butthe I0 trialgroupconsistentlymade about20% lesserrorthanthe5
trialgroup.Sitterl_andcolleagu_alsousedaltituderror,among many otherparameters,in
theirspacevehiclesimulations.$itterleyandBarge (1972) measureda 2-foldincreaseinerror
overa 6 month interval,whereasSitterley(1974) founda S-foldincreaseovera 4 month
retentioninterval(Figure3B). Inanalternateparameter,SitterleyandBergemeasured a 55%
increaseinintegratedpitcherroraftera no-practiceretentionof6 monthsduration(Figure3D).
When measuringabilitytonullcomplexmovements inthedisplaywithina simulator,Youngling
etel.(1968) foundanearlylinearrelationshipbetweenthelengthofretentionand performance
loss(Figure3C). Here,totaltrackingtimeontargetdecreasedfrom approximately40 secondsat
trainingtoabout33 secondsafter6 months,ora 20% loss.Percentflightskilldegradation,a
compositeofmany flightparameters,isperhapsthebestoverallmeasureofflightperformance.
Sitterleyetel.(1972) noteda 400% decreasewhileSitterley(1974) noteda 200% decreasein
skillsovera 4 month interval(Figure3E).Clearly,flightskillsarevery sensitiveto
no-practiceretentionintervals,and may degradeby 4 or 5-foldovera few months.
2.3.2.InterpolatedActivities
Practicingcriticalskillsduringtheretentionintervaldoesaidretentionperformance.The
relevantissueshereare (I)forwhich typesoftasksdoespracticeaid,(2) what are thepractice
tasktransfercharacteristicstothejobperformancetask,and (3) arethesedangersofnegative
tasktransfer;i.e.,practicethatcan accelerateperformancedegradation.
Brown etel.(1963) requiredsubjectstoperformNaylor'switchsettingtaskaswellasa three
dimensioaltrackingtask.Rehearsalon thesetaskswas manipulatedon 4 daysofa I5 day
retentioninterval.For thetrackingtask,rehearsalgreatlyaidedretentionperformance,butthe
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fidelityoftherehearsaldidnotalterthisresult.Performancedecrementswere effectivelyerased
withtaskrehearsal.On theproc_Juraltask,rehearsalhad influenceon bothcommi_ive and
omissiveerrors.For bothtypesoftasks,sufficientlylongoriginaltrainingattenuatedthe
positiveffectsofrehearsal.When trainingwas more limitiedinscope,practiceduringthe
retentionintervaleadtolargeincreasesinskillretention.NaylorandBriggs(1963) tasted
variationsintypeofrehearsal,on retentionperformanceoftheirswitchsettingtask.The four
rehearsalsessionsoccurredmid-way intheir25-day retentioninterval.One group received
actualtaskrehsarsal,one receivedno rehearsaltraining,andtwo groupsreceivedeither
part-tasktemporalor part-taskspatialrehearsal.On omissiveerrors,theactualtaskgroup
committedabouthalftheerrorsoftheotherthreerehearsalgroups.On commissiveerrors,the
actualtaskand temporalpart-taskgroupswere superior.Whole-taskrehearsalwas superiorto
part-taskrehearsalconditions.Spatialrehearsalwas barelyany betterthanno rehearsalatall,
butthetimedimensionmay havebeanmore difficultthanthespatialdimensioninthistask.
Trumbo etel.(1965b) comparedverbalrehearsalwithno rehearsalina trackingtask,overa
one month retentioninterval.Part-taskrehearsalrequiredsubjectstoverballyrepeatthe
trackingtargetlocation,referencingtoitspresentednumericallocation.On thistask,no tracking
mean performanceretentiondifferencewas due torehearsal,butagreatervariabilityintracking
intherehearsalgroupthannon-rehearsalgroupwas found.
$itterleyand colleaguesinvosti_tedthetypeanddistributionofrehearsalfortheircomplex
spacecraftsimulationtasks.$itterleyand Berge(1972) presentedbothemergencyprocedural
andflightcontroltaskstothierinexperiencedsubjects.Afterfourmonths ofinactivity,bothtask
performanceswere greatlydegraded,beyondtheminimal proficiencylevel.As partoftheir
experimentaldesign,two subjectgroupsrecievedstaticrehearsaltrainingduringtheretention
intervalperiod,where a sessionconsistedofa reviewoftheflightrainingmanual,photographsof
thecockpitenvironment,anda writtenevaluationtest.The staticrehearsalgreatlycountered
performancedegradationfortheproceduraltask,atboth3 and 6 month intervals.The interim
rehearsalaidedperformanceasmuch asaIlowinqdynamicwarmup immediatelypriortothestart
ofretentiontesting.The continuoustask,on theotherhand,respondeddifferentlytorehearsaland
warmup training.At a6 month retentioninterval,staticrehearsalwas insufficienttomaintain
performanceinallcontrolskills;dynamicwarmup was requiredtoinsurereliability.The
regularrehearsalsessionswere,however, adequateforskillmaintenanceoverthe3 month
retentioninterval.Thus, longretentionintervalsrequirebothrehearsaland warmup forflight
control,butonlyrequirestaticrehearsalforproc_ural tasks.Usinganeven more complexspace
vehicleapproachand landingunderbothvisualand instrumentflightconditions,$itterleyetel.
(1972) addedaconditionofdynamic rehearsaltraining,inadditiontoimprovingthestatic
rehearsaltrainingmethod.The improvedstaticmethodutilizedphotographsofflightinstruments
andscenesatcriticaltimes,andallowedthesubjecttositinthesimulatorcockpitfor
refamiliarizationpriortotasting.The dynamicrehearsalconditionincludedtheabovestatic
rehearsal,thenthepilotswere allowedtoviewthreedynamic flightsfrom thecockpit,inan
open-loopfashion.The pilotstilldidnothavedirectinteractionas hewould haveduringwarmup
practice.Resultshowedthat,like$itterleyandBerge(1972), staticrehearsalimprovedskill
retention,butrequiredynamicwarmup practiceforadequateproficiency.The dynamic
rehearsalpreventedskilldegradationforallproceduraland flightcontroltasks,withthevisual
flightcontrolportionsreceivingthegreatestrainingbenefit.The staticmethodwas onlyslightly
worse thanthedynamicmethodinretentionofflightcontrolor continuouskills.
9-30
Training for Long Missions ,J.H. C-otdberg
From a cost/benefit viewpoint, Sitterley (1974) claimed that the static rehearsal me:hc_ naO+.he
greatest development potential. To test an advancedstatic rehearsal version, Sitter!ey presented
more pictorial information along both normal and sub-nominal flight paths, and enhanced pilot
involvement to reinforce critical perceptual cues in the visual environment. The static rehearsal
was presented in a booklet format for self-study by the pilot. All retention testing was oreceded
by a 40 minute slide show of real time cockpit views of the approach and landing. After a 4 month
retention interval, the advanced static retraining countered all skill degradation, more so than
even the dynamic rehearsal of the previous study. Sitterley suggested that the careful ty
structured visual cues at critical moments were sufficient to key appropriate pi lot responses.
The abovestudieshavenearlyallconfirmedtheutilityofretentionintervalpracticeincountering
bothcontinuousandproceduralskilldegradation.When trainingisofinsufficientduration,
rehearsalmethodscan besubstitutedtosome degree.The rehearsaltrainingshouldbecarefully
designedtoprovideminimalcuesrequiredtosuccessfullyperformthetaskofinterest.
Experimentsby Sitter!eyhavedemonstratedthatrehearsalforcomplexflightcontroldoesnot
havetobe closedloopand highfidelity.So longastheimportantvisualcueshavebeenprovided,
open-loop,pictorialreviewsmay adequatelybesubstitutedfortherealtask.Oftho_ studles
reportedhere,nonehaveconcludedthatrehearsaldegradesretentionwhen compared withno
rehearsal.However,nonehavesystematicallyvariedrehearsaltaskssoastoprovidenegative
skilltransfer.
3.SPACE MISSION TRAINING
It is frustrating to study empirical research on task training factors, then consider the techniques
that are actually used to define training requirements. Cream et al. (1978) outlined "systematic
methods" usually used to specify training objectives in a specific task. First, the behavioral skills
and knowledge required of graduated trainees are identified. Next, these are matched a_,ainst the
actual ability of new students. The identified differences then define training requirements of a
program. As recognized by Cream et al., a lack of task analysis data for defining training
requirements exists, especially with new systems. They recommended seeking out analogous
tasks, again avoiding the issue of task analysis. Such experiential-based development can be a
costly error in new systems development, where many competing task factors can eclipse
unfor_n interactions. This report defends the need for a quantitative model of training
requirements as a function of task factors. Ofcourse, much research will be required to specify
this model.
Thissectionpresentsa briefoutlineofoperationalspacemissiontrainingatNASA, forthe
purposeofestablishingafoundationfrom whichtodefineMars missiontrainingrequirments.
3. I. CURRENTMISSION TRAINING
Trainingprograms forSpaceShuttleminions proceedfrom part-systemsteachingand practiceto
more complex,fullyintegratedsimulations.A typicalastronauttrainingprogram currently
requiresabout5 yearsfrom starttoflight.Trainingstartswithstand-alonequipment,then
proce.e_tojoint,integratedminion simulation.Initially,workbooks andself-pacedcomputer
aidedtrainersare u_I togainknowledgeandproficiencyonspecificsystems.8ingleandmultiple
9-31
TrainingforLongMissions J.H.Goldberg
part-tasktrainersarethenusedtogainrequiredpsychomotorproficiency.Examples ofthese
trainersarespecificshuttlecontrolpanelsandtheRM$. An underwaterweightlesstraining
facility,andairborneparabolicflightsmay be usedforspeci-ficproceduretraining.Shuttle
systemssimultatorsare now usedformany tasks.The multiple-taskshuttlesimulatormay be
tiedwithoneormore flightcentersinpartial-miseionsimulations.The fullmissionmay thenbe
simulatedby tyinginallpayloadcustomersandcontrolcenters.For very complicatedmaneuvers,
thisjointsimulationmay evenbe repeatedon-orbitjustpriortotheactualperformance.
Very littleactiveastronautperformancemeasurement iscurrentlyconducted,onceselected
(Akins,1979; Nicogossian,1984; ChristensanandTalbot,1985). Throughouttheliterature,a
prerequisitefortheevaluationanddeveloppmentoftrainingproceduresisunbiasedperformance
data(seeGoldstein,1978; Cream etel.,1978; Swezey, 1979). As an illustrationfthis,
considerapart-missionsimulatorsesmon. Trainerspreparescriptsofsystemfailuresthat
occuratregularintervals,everyfew minutes.The taskofthetraineesistomake educated
diagnosesand decisions,whilecontrollingthespacevehicle.Aftercompletingeachsimulation
run,thetrainingscriptsare reviewedwiththetrainees,pointingoutmistakesthatwere made. A
new run thenbegins,withthehopethatlessonshavebeenlearned.While traineesclearlylearn
from thistrainingscenario,limitationsinvehicledesignor human capabilitiesare notcollected.
A seriesoffailuresmade by alltraineeswouldnotbe noted;suchfailuresarevaluabledatatouse
intheredesignofsystems.A separateperformancemonitoringsystem,invisibletotrainersand
trainees,wouldbeusefulhere.
,Sovietcosmonautsalsoutilizesimulatorsand part-tasktrainers,buttheirtrainingphilosophy
differsina basicway from U.,S.philosophy.Ratherthanrelyon basicdocumentationintraining
programs,theylistentoa lecturefrom a specialistseveraltimes,takingnotes(Lenorovitz,
1982). The Sovietprogram alsoplacesmore emphasison psychologicalstatusthantheU.S.
program,withtestsgivenattrainingtoassurepsychologicalcompatibilitywithcrew members,
and regularpsychologicalmonitoringduringand afterflight(Borrowman, 1982; Bluth,!982;
ObergandOberg,1986). FutureU.S.missionsmust concentratemore on psychologicalstatusof
crew members duringtraining(Connersetel.,1985; Collins,1985).
3.2.SPACE STATIONTRAINING
A recentlypublisheddocument(NASA, 1986) detailedtrainingrequirementsforthenear-
operatioalspacestation,tobe launchedintheearly1990's.Thissectionwillsummarize
importantaspectsofthispaper.
3.2.I.On-OrbitVersusGround-BasedTraininq
Specificriteriahavebeenimposedtoassigntrainingtoon-orbitor ground-basedtrainers.
On-orbittrainingispreferredforcomplex psychomotorskills,or time-criticalprocedures,
safetydrills,andmaintenanceofgroup behavioraldynamics.Thistrainingispreferredfor
microgravity,low-cost,and low probabilityofoccurrencetasks.On-orbitrefreshertraining
willalsobecarriedoutpriortounscheduledmaintenancetasks.Oround-basedtrainingwillbe
preferredforfundamental,sefety-criticaltasks,suchasspacestationactivationor medical
procedures.Basictrainingingroupdynamicsandhabitabilitywillbecarriedouton theground.
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Ground-basedtrainingwill,in_neral,bepreferredforprerequisiteskillacquisitiona d
day-to-dayspacestationoperations.On-orbittrainingisa supplementtobasicground-trainecl
skills,sofew skillswillonlybetrainedon-orbit.
Initially,mosttrainingwillbe performedontheground,butmore and more trainingwillbe
performedon-orbitasthespacestationprogram matures.Ground-basedtrainingwillinclude
(I)ingressand egresstoand from spacestation,(2) activationanddeactivationfspacestation,
(3) systemstraining,withemphasison understanding,(4) spacecraftdockingand tethering,(5)
RMS androbotics,(6) orbitalmanagementand communications,(7) habitabilitys stems,(8)
safety,emergency,medicalandmaintenanceprocedures,(9) integratedsimulations,stressing
teamapproachtoproblems.On-orbittrainingwillinclude(I)spacecraftdockingandtethering,
(2) refreshertrainingon RMS, (3) crew rescueEVA,(4) handlingoffuelsand otherhazardous
materials,(5) useofavionicsequipment,(6) emergencyand malfunctionprocedures,(7)
manned systemsrefreshertraining.Ground-basedtrainingwillinitiallybeperformedforall
phasesandactivities.Eventually,primary trainingforsome skillsoractivitieswillbe shiftedto
on-orbit.ThistrainingwillbeavailablebothtoNASA astronautsandtocontrectorsorcustomers
ofNASA.
3.2.2.TraininqBreadth
Trainingprograms forthespacestationwillbedevelopedforthecrew,ground-basedflight
controllers,andtraininginstructors.Thecrew members willrequiremore trainingatgreater
frequencyforproceduralskillsthanforpsychomotorskills.Launchscheduleswillimpose
trainingdurationlimits.Thereare stillquestionsas totherelativeamountofself-paced
training,amountofon-boardtraining,andrelativetrainingdifferencesbetweencrew members.
Flightcontrollerswillinitiallytakepartinfullintegratedmissionsimulations,however laterin
thespacestationprogram,fewerformalsimulationswillbe conducted.Eventually,nojoint
controller-crewsimulationwilltakeplace,due totheirinherentcomplexityand time
consumption.Instructorsmust alsobetrainedinprocedures.Questionsexistastothenumber of
requiredinstructorspercrew member, andthecomplexityoftheirsimulationscripts.
The generaldirectionforbreadthoftrainingisoneofinitialfullscale,integratedsimulations
involvingallpartiestaperingtolaterseparatesimulationsofmissioncomponents.Thischange
willbe requiredtoshortenthetrainingtimeofspacestationcrews,andtodecreasethecostof
rotatingcrews.Some amountofproceduralor psychomotorskillpractice,suchasone-halfhour
per day,willbemandatoryon-orbit.
3.2.3.TraininqTechnoloqiesand Facilitie_
,Spacestationtrainingwillmake extensiveuseofcomputeraidedandadaptiveinstruction.
Computer aidedinstructionsystemspermitaconsistentpresentationofmaterialinagiven
sequentialorder.Intelligentor adaptivec_mputeraidedinstructionallowsmaterialtobe
resequencedor alteredaccordingtotheneedsofatrainee(Morgan and Erb, 1986). Bothofthese
typesofsystemswillbe utilizedinground-basedandon-orbittraining.Intelligentsystemswill
be designedtoserveasacoach,ratherthanasa tutoror manager,inthatadviceisprovidedtothe
traineetryingtomeet an educationalobjective.
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Theseinstructionalprograms willbe implementedon interactivelaservideodiskstoragesystems.
The traineewillrespondviakeyboardand voice.The systemwilloutputviatelevisionmonitors,
wideanglevisuals,helmetmountedvideo,andvoicesynthesis.Appropriatevideodisksforevery
requiredrepairor maintenancewillbeonboard;thecapacityfortransmittingtheequivalent
contentofavideodiskdirectlyintothetraininghardware may alsobe present.Thesesystems
offermany advantagesoverconventionalcomputer-basedtrainers.They are potentiallyvery
smalland portable,stillor movingscenesareofhigherfidelitythancomputergraphics,and itis
cheepertofilmsequencesofmovements forvideodiskinterpretationthandevelopingreliable
graphicsviacomputer.Astronautson EVA willhavethecapabilityofviewingproceduresina
helmetmounteddisplayastheyare performed.Thesevidecdisktrainerscan alsocontainother
controllerattachmentstoallowrealisticpracticewithcomplexpsychomotorskills.
Spacestationtrainingwillalsobeembeddedwithinoperationalcontrolsand displays.By
monitoringperformancewhileatraineeattemptstocompletea giventask,betterinvolvementand
motivationareachieved.The monitorwillactasacoach,much likeamaster-apprenticescenario.
Ground-basedNASA trainingfacilitesforthespacestationmissionswillinclude(I)manned test
facility,forengineeringdesignandtesting,(2) mockup and integrationlaboratory,forRMS
training,(3) weightlessenvironmenttrainingfacility,forcrew training,(4) systems
engineeringsimulator,forflightraining,(5) spacestationtrainingfacility,forhigh-fidelity
crew training,(6) shuttlerendezvoussimulator,and(7) integratedEVA simulator.As inthe
shuttletrainingprogram,trainingwillstartwithpart-task,single-systemtrainers,and end
withfull-mission,multiplesystemsimulation.Much oftheshuttletrainingfacilitieswillbe
utilizedforspacestationtraining.
3.4.MARS MISSIONTI:_INING
Untilan empiricallydeterminedmodeloftrainingrequirementshasbeendeveloped,allconceptual
designsare merely"straw-man"estimates.However,basedon previoussectionsofthispaper,
some recommendationsmay be made.
On-Board VersusGround-B_;I Training.Whether trainingshouldbegivenon-boardor on the
groundshouldnotbean issueon a Mars mission.The crew members must havethenecessary
resourcestorehearseprocedurallistsand psychomotorskillswhenever required.Ground-based
trainingshouldconsistofacademicsystemsoverviewsand theseskillsrequiredforcomplete
systemsunderstanding.Itisimperitivathatcompleteunderstandingbe achievedpriortoflight,
aseffectiverefreshertrainingcanonlybeassurredwithwellorganizedtasks.Ground-based
trainingmightincludeotherknowledgeacquisition,beyondtheimmediatescopeofthemission,to
guardagainstunexpectedevents.As anexample,thistrainingmightincludepsychologicalor
socialmodelsofsmallgroups.Ingeneral,ground-basedtrainingshouldbe academicand broad,
whileon-boardrequiredtrainingshoudbespecificandskilloriented.Ofcourse,pilotswill
requirealltrainingpriortothemission.
Scope of TraininQ. Ground-based and on-board training and refresher programs must be designed
to counteract the negative aspects of the space environment, as discussed in Section 1, in addition
to maintaining skill and knowledge retention. Skills must be regularly refreshed, according to a
9-34
Trainingfor LongMissions J.H.8oldberg
yet-to-bedevelopedmodelofretentiontime.Usingsucha model,a computerprogram couldlist,
on adailybasis,thoseskillsor proceduresthatneedrefreshertraining.IdeaIIy,acrew member's
requiredrefreshertrainingshouldbedeterminedautomaticallyandadaptively.Periodic
performancemeasurementon a testingbatterycouldindicatelevelofretentionandpinpointareas
forneededtraining.Trainingforcrew autonomyand confinementwillbe hardertodefine,until
more isknown. Drillsmay berequiredtomeasurethecohesivenessofthecrew. Listsofcritical
proceduresmust beregularlyreviewedandtrained,asshouldthedailyworkloadlevel.As
measuredby a model,mentaland physicalworkloadmust beconstantlyreviewedandreallocated
among thecrew members.
Allcrew members shouldbe encouragedtodevelopexpertise,whilein-transitoMars, in
academicfieldsotherthantheirown. The on-boardteachingexpertiseclearlywillexist.
Establishinga formalinstructionalregimenwillaidinmaintainingcognitiveabilitesofboth
teachersand students.Healthyinteractionbetweenthecrew members willalsobemaintained.
The outcomeofsuchconcentratedtrainingcouldevenconsistofadditionalacademicdegrees.
PeriodicDrill_.Emer_ncy anddisasterdrillshouldbe conducted,ascalledforby either(jround
controlor by theon-boardcommander. Many controlscouldbeplacedinanalternate,embedded
trainingmode forconductingthesedrills.Imagesofimpendingmeteorites,etc.,couldevenbe
projectedontodisplaysor windows. Crew performanceshouldbe reviewedby thecommander, and
necessaryrefr_her trainingconducted.
Recreation.Off-dutyperiodsalsopresentagoodoppurtunityforproceduralandoperationalskill
maintenance.Videogames,music,etc.,allpresentuniquepracticeoppurtunitiesfordifferent
skills.
Hardware.A small,portable,videodisI_basedcomputersystemwithvoiceinputandoutputmay
serveasagenerictrainerandrecreationdevice.Such adevicewillallowpracticeofskills
anywhere andanytimeona mission.Differentvideodiskscouldbe loadedfordifferentprocedures,
and otherscouldbe loadedforentertainment.
A Mars missionpresentsmany challengesfarbeyondthosethathavealreadybeenapproached.
Thisoppurtunityshouldbeseizedforpushingthestate-of-the-artinknowledoeofhuman
trainingandskillretention.Thispaperhasstress_thedevelopmentofempiricalmodels,the
onlyunbiasedapproachtodefiningtrainingneeds.As theresearchrequiredtoachievethese
modelswilltakemany years,now isthetimetostart.A longdurationspacemissionwillrequire
an understandingofpsychologicallimitationsinallmissionphases.Thisreporthasstressedthe
needformodelingtheselimitationsinlightoftrainingrequirements,whetherinitialor refresher
training.The proper,scientificmethodoftrainingdefinitionwillrequireamodelofskill
retetention,asarguedhere.
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